•ents of atmospheric hydrogen peroxide in the gas pha• wa'e made during four latemire observ•on periods at the Mt. Mitchell State Park, Noah Carolina, during the growing sea, on (May through September) of 1988. Cloud water hydrogen peroxide was measured during the entire field semon of 1988 and during the late rummet and fall of 1987 (Augtat and October). Cloud water concentrations were found to be similar to those reported from another high-elevation location in the southeastva• United Statee. Cloud wat• tamplee coilacted during these periods showed a wide range of levels (-0 -219/aM/L) and average values of 38/zM/L, and 44 /zM/L for the entire sampling seasons of 1988 and 1987. respectively. Significant seasonal variation was noted both in 1987 and 1988, with cloud water levels of hydrogen peroxide much higher in the summer than in the fall. Gas-phase hydrogen peroxide levels ranged from the detection limit (0.1 ppbv) to above 4 ppbv. Gas-phase hydrogen peroxide demonstrated a nighttime maximum in the summer but not in the fall. The measurements taken in the fall were significantly lower than those taken during the summer, possibly due at least in part to seasonal variation. Atmospheric hydrogen peroxide levels were found to be incrv, asing during stagnating highpressure systems and were found to correspond to the back trajectory of the air mass with the highest conecatratiom corresponding to conLineatal air masses. The hydrogen peroxide concentration was also found to be aff• by radical formation from ozone and by lc• pmcassee such as wet and dry deposition. Like ozone, hydrogen peroxide is a strong oxidizing agent. Ozone has been shown to came damage to vegetation, the cost of which is estimated to be $ Gas-phase total peroxides and hydrogen peroxide measuremenm were taken at site 1 during four "nmnsives"scheduled throughout the field season of 1988. Gas-phase total and hydrogen peroxide data were recorded on a chart recorder and extracted manually as 12-rain averages. These data were then consolidated into hourly averages. Gas-phase hydrogen peroxide was measured using the concentration measured during the spring intensive was 65% higher than the Wtal peroxides concentration measured during the summer intensives. Only a limited number of hourly measurements were made in June, however, and these were made during a stagnating high-pressure system, so it is unclear whether the high peroxide levels in June are due to seasonal variation or to the presence of this system. Although the gas-phase data are significantly higher than those of later summer (July-August) (mean 46.9-•1.9/zM/L). However, the summer concentration was significantly higher than that of fall (99% confidence).
insmm•ems were housed m an insreinvent shack located below the meteorological tower, and the inlet manifold for the gas instruments, constructed of glass, was extended out of the building to a height of approximately 6-7 m above the forest floor, which placed the inlet for the insUuments at the top of the forest canopy. This glass manifold was cleaned with acetone at the start of the season. Sample air was delivered from the manifold inside the insmmaent shelter to the sample inlet of each analyzer through 1/4 in. diameter PFA Teflon tubing. The instrument shelter was temperature controlled to above the ambient temperature at all times so that there was no condensation in sample lines. The residence times were 10 s in the glass manifold and 5 s in the Telfort sample line to the hydrogen peroxide analyzer.
Gas-phase total peroxides and hydrogen peroxide measuremenm were taken at site 1 during four "nmnsives"scheduled throughout the field season of 1988. Gas-phase total and hydrogen peroxide data were recorded on a chart recorder and extracted manually as 12-rain averages. These data were then consolidated into hourly averages. Gas-phase hydrogen peroxide was measured using the continuous, dual-channel fluorometric analyzer based on the horseradish peroxidase method [Lazrus ½t al., 1985] . The level of detection of the insmmaent is 0.1 ppbv. The hydrogen peroxide analyzer was calibrated once daily against aqueous phase standards which were also made up daily by serial dilutions of 3% H20 2 solution. The hydrogen peroxide stock solution was checked weekly by titration against KMaO4 solutions, which in turn were titrated against a standard Na2C20 4 solution. The uncet•inty of these calibrations as described by the 95% confidence interval when all calibrations were considered was +12% at the 1 ppbv level When the calibrations for the fall intensive were considered separately, the uncertainty was +10% for the fall and +--11% for the rest of the field season. Calibrations were not checked against gas-phase standards, so that possible errors propagating through the remainder of the system must also be estimated. Possible sources of measurement errors are introduced due to fluctuations in the reagent line How rates, stripping efficiency of less than 100%, and high proportions of organic peroxides to hydrogen peroxide. We assume the collection efficiency is complete, since we operated the instnm•ent within the recommended operating range of flow rates and reagent pH values. The measured standard deviation in the flow rate of the stripping solution line was 6.5%.
The ], the total l•eroxides signal is not a true indication of the total organic peroxides content of the atmosphere. Nevertheless, the total peroxides signal should give at least a qualitative indication of the behavior of the soluble total peroxides; therefore these early measurements are also discussed in this paper. Hydrogen peroxide measurements were periodically made during the two summer intensives (July and August) and during the fall intensive (September).
Concentrations of gas-phase hydrogen peroxide measured during the two summer intensives of 1988 (mean 0.76-•0.57 ppbv) were significantly greater than those observed during the fall intensive, during which generally cloudy conditions prevailed (mean 0.20+_0.26 ppbv) (Table 1 and Figure 2) . A similarly significant difference between concentrations in the summer and in the fall was observed in the total peroxides concentration as well, with the mean concentration of total peroxides collected by the analyzer during the summer intensives nearly 3.5 times that collected during the fall intensive. Although hydrogen peroxide was not measured during the spring intensive, the total peroxides concentration measured during the spring intensive was 65% higher than the Wtal peroxides concentration measured during the summer intensives. Only a limited number of hourly measurements were made in June, however, and these were made during a stagnating high-pressure system, so it is unclear whether the high peroxide levels in June are due to seasonal variation or to the presence of this system. Although the gas-phase data are The days prec. e. Aing the second stromact intensive were marked by considerable cloud activity; however, during the intensive itself, no cloud water samples were taken. During the second summer intensive, nocturnal maxima in the hydrogen peroxide concentration were observed, and the hydrogen peroxide concentration seemed to be negatively correlated to solar radiation (r =-0.24) and dew point temperature (r = -0.13). On average, concentrations of hydrogen peroxide and ozone were similar to those observed during the fast summer intensive.
The fall intensive was marked by cloud activity, low solar radiation, and low temperatures, all of which would be expected to contribute to the low hydrogen peroxide levels observed during (Table 5) and cloud water (Table 6) 
(!5) For a highly soluble and reactive gas such as hydrogen peroxide the canopy resistance is expected to be much less than the aerodynamic and boundary layer resistances, so that When the entire data set for total peroxides was considered, formation from ozone, wet deposition (suggested by a negative correlation to relative humidity), the nocturnal maximum (indicated by an inverse correlation to solar radiation), transport (indicated by the wind direction), and presence of high-pressure systems (indicated by correlation to pressure) emerged as the statistically significant processes we considered, accounting for 61% of the variation. The statistically significant processes accounting for 46% of the variation in the hydrogen peroxide concentration were formation from radicals, the diurnal variation, wet deposition, heterogeneous losses to SO 2, and high pressure.
Because of the apparently different mechanisms active during the spring and summer days and nights, several subsets of the complete data set were considered separately. The data were classified according to fall, spring/summer days (referred to as summer days) and summer nights. During the summer days, presence of high-pressure systems, formation from radicals, and tramport were the significant processes, accounting for 47% of the variation in the hydrogen peroxide concentration. In contrast, during the summer nights, relative humidity (assumed to be indicative of wet deposition or losses to wet surfaces), mmperature, reversed diurnal variation (nighttime maximum), and wind direction indicating the role of transport were the significant processes (49% of variation). We interpret these results to indicate that both on-site formation and transport processes Fall: During the fall, wet deposition, aqueous phase reaction with sulfur dioxide and an inverse relationship to temperature accounted for 78% of the variation in the hydrogen peroxide concentration. From these results it appears that on-site formation of hydrogen peroxide played a much less significant role in determining the September levels observed at Mr.
Mitchell.

Cloud Water Hydrogen Peroxide
Because of the large solubility of gas-phase hydrogen peroxide in water we would expect that scavenging by cloud water would redme the atmospheric gas-phase hydrogen peroxide by the factor !/(LWC*H*R*T + 1), where LWC is the liquid water content, R is the gas constant, and T is the ambient temperature, and the Hen•'s law constant for hydrogen peroxide is given by [Lind and It is somewhat surprising that site 1 clouds contain a higher content of hydrogen peroxide than the site 2 clouds in June but not in August. Since the site 2 clouds tend to be thinner than the site 1 clouds, they.have a lower liquid water content. However, there was only a slight negative correlation between liquid water content and hydrogen peroxide content (r = -0.24). This might explain why during August the site 2 clouds contain more hydrogen peroxide. On the other hand, since site 1 is at at higher elevation and is more exposed, it is possible that deposition losses are not as great at Site 2. Alternatively, the orientation of these two sites with respect to the wind field may contribute to the differences between the two sites. At any rate, this apparent anomaly is probably due to a number of reasons, which also might include temperature differences, elevation of cloud base, or gradients in other pollutant gases such as ozone or sulfur dioxide, and warrants further study.
As indicated in Table 3 The ratio of liquid water content for the short event to the long event was 1.8 (the inverse of which is 0.56). The hydrogen peroxide content of the short event is also significantly higher than that of the long event; the ratio of the concentration in long events compared to short events is 0.71, indicathag that there seems to be a weak, inverse relationship between cloud liquid water content and hydrogen peroxide content (r = -0.24). This ratio, however, is significantly higher than the ratio for other cloud water species, again indicating that dilution is not important to the hydrogen peroxide concentration as it is to the concentrations of the major ionic species.
Seasonal Variation
Both gas-phase and cloud water hydrogen peroxide concentrations were measured during the entire 1988 field season; either gas-phase or cloud water hydrogen peroxide was measured on 57 days. Therefore although the data set collected is liralied in that gas-phase data were collected periodically throughout the season as opposed to continuously, when both gas-phase and At Mt. Mitchell, atmospheric hydrogen peroxide concentrations appear to be affected by radical formation from ozone, by the back trajectory of the air mass, by the presence of high-pressure systems, and by loss processes particularly related to deposition and reaction with sulfur dioxide. Additionally, meteorological phenomena leading to a nocturnal maximum during the summer also influence the hydrogen peroxide climatology at this site. The hydrogen peroxide data collected at Mt. Mitchell during the 1988 field season are consistent with our expectation of a seasonal variation, with levels dropping in the late summer and fall, although admittedly this data set was limited in that the gasphase data were not collected continuously and were only collected for one season. To definitively establish a seasonal variation in atmospheric hydrogen peroxide at Mt. Mitchell requires further investigation. Springtime levels also need further study, based on high cloud water levels observed in May and June. High levels of total hydroperoxide observed in June may be due to the p,resence of a synoptic high-pressure system mat was over '.he region during the measuring period in June.
Cloud water hydrogen peroxide content was positively correlated to ozone and temperature, correlations which were also observed in the gas-phase data. There was also a positive correlation between cloud water hydrogen peroxide and ammonium ion content that was not expected. Both cloud water hydrogen peroxide and the ionic species concentrations can be affected by the liquid water content of the cloud; however, the mechanisms involved are very different. The observed negative correlation between cloud water hydrogen peroxide concentration and cloud liquid water content is consistent with scavenging and deposition of hydrogen peroxide by cloud droplets, whereas the relationship between ionic species and liquid water content is due at least in part to dilution effects.
